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1 .. introduction 

Hasan b. Muhammad b. Baso was faqik , muuaqgit and chief of the 
timekeepers in the great mosque of Granada. Ibn al-Khatib emphasizes 
his groat skill in the production of astrorcmical instruments and says 
that he was both an inventor and the author of treatises (mustenbatat ua 
tawdlff). He died'in 716 H. / 1316 A. D. 2 

Ibn Baso wrote a treatise on the use of a device that he called a/- safihu 
al-jami c a li-jami c al- L urud (universal plate fer all latitudes ) in 160 chapters. 
This treatise, completed in 1274, is preserved in several manuscripts extant 
in the Escorial (ms. 961), in the National Library ol Tunis ( ms. 9215) and in 
the Royal Library of Rabat (ms. 4288) . 

A few abridgements of this treatise are also extant. The most remar¬ 
kable of them is the one entitled Nubda li-ma yata c allaq bi-l-safiha al-jami c a , 
-Note on the Universal Plate”, the only known source which describes the 
construction of this plate, a topic which does rot appear either in Ibn Base’s 
treatise or in the other extant abridgements . 

(]) This is a revised text of a communication presented in the XVIII International Congress of. 

History of Science held in. Hamburg and Munich in August, 1989. 

(21 Ci. Ibn alrKhafibi (d-^Jidiafi akhbdr Garnafa , ed. c Abd AII2I1 4 Incn, vol. I (Cairo, 1973) p. 468; 
H. P. J. Renapd, 11 Notes critiques d’histoirc des sciences chez les musulirans. I.- Les Ibn Ba§o” 

, Hesperis, 24 (1937) pp. 1 — 12 and ” Additions et corrections a Suter”, Isis XVIII (1932), p. 

172 n° 381b.; G. Sarton , Introduction to the History cf Science , (Baltimore, 1927 - 1931) vol. Ill 
, p. 696; J. Samjsp v A.propos de quelques manuscrits astronomiques des bibliotheques de Tunis: 
Contribution a une etude de Vastrolabe dans VEspagne musulrr.ane. ” Adas del II Coloquio His- 
pano-Tunecino (Madrid-Barcelona, 1972) I. H. A. C. Madrid, 1973 pp. 176 - 182 and E. Calvo , 
les tchos de l 1 oeuvre d 1 Ibn Baso en Afrique du Nord . Ades du VII Colloque Universitaire 
Tuniso-E&pagnol sur Le Patrimoine Andalous dans la Culture Arabe et Espagnole. Tunis, 1991, 
pp., 65 - 79.. 

* University of Barcelona. 

J. H. A. S. 92 - 93 - 1994 : Vol. 10 : PP. 53 - 67 . 
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2. The Author 

The author of this summary is Abu-1-Rabi c Sulayman b. Ahmad al- 
Fishtall, an 18th century Moroccan faqih (he died in Fas in 1208 H./1794 
A. D.) 3 . He knew the science of timekeeping and spherical astronomy 
( Him al-miqat wa-Uta c dil ) ” with instruments and without them ” and was 
Sulayman al-Hawwat’s master 4 . Other data on his life are unknown . 

We know several of al-Fishtail’s works like Bughyat dawi-l- raghabat 
(What do those wish who have wishes ) on the difficulties of Sibt al-Mar- 
dinl’s 5 al - Risala al -Fathiyya (Opening treatise), or Shark al-silk al-all fi 
mutallat a/-G/iozu/i(Explanation of the thread of the Ghazall triangle). He 
also wrote an abridgement of Ibn Baso’s treatise on the” universal plate 
for all latitudes ” (al-safiha al-jcmi c a) . 

3. Ibn Baso's Plate 

Ibn Baso’s ” universal plate for all latitudes ” (Fig. 1) usually appears, 
among others, in western astrolabes, frcm the 14th century onwards, and 
its presence is relatively frequent. There are about twenty-five examples 
which are being catalogued 6 . Some were described in the past century but 
most of them have been unknown until recently . Although most of the 
examples are found in western astrolabes, as I say , some are included in 
eastern ones 7 . 

The treatise on the use of this plate is also known though it had not 
been studied in detail until the present 8 . It contains a description of the 
lines engraved on the plate and the way to use them. But there is not a sin- 

(3) Cf. C. Brockelmanrt, Geschichte der Arabischen Litteratur Supplementband II (Leiden, 1938), 
p. 709; H. P. J. Renaud, ” Additions et corrections & Suter”, Isis XVIII (1932) p. 183, n. 543; 
Khayr al-Dln al-Zirikli , Al-a e lam (Al-Qahira, 1954 - 1959) 2nd ed., vol. 3, p. 182; Al-Kattani , 
Salwat al-anfas lith. ed. (Fas, 1316 H.), vol. 3, p. 115; M. Makhluf, Shajaral al-nur al-zakiyya , 
(Cairo, 1931), p. 372 and R. Kahhala , Mu c jam al-Mu'allifin (Damascus, 1957), vol. IV, p. 254. 

(4) On this author cf. E. LSvi-Provencal, Les historiens des Chorfa . Essai sur la litterature historique 
el biographique au Maroc du XVI au XX siecle , (Paris, 1922), p. 336. 

(5) Muwaqqit of al-Azhar in Cairo (fl. ca. 1460) Cf. H. Suter , Die Mathematiker und Astronomen der 
Araber und ihre Werke. Abhandlungen zur Geschichte der Mathematischen Wissenschaften, 10 
(Leipzig, 1900) pp. 182 - 184 n° 445; C. Brockelmann , Geschichte.... II p. 215 and H. P. J. R£- 
naud , Additions... p. 176, n. 445. 

(6) Cf. D. King, A Catalogue of Medieval Astronomical Instruments : Astrolabes , Quadrants and 
Sundials . Preprints of the Institute for the History of Science. ( University of Frankfurt ). In 
preparation . 

(7) Cf. E. Cairo , La ” Risalat al-Safiha al-jami e a li-jami e al- c urud ” de Ibn Ba$o . Edici6n traduc- 
cion y estudio por ... (In press ) I owe most of the information on the extant examples of this 
plate to professor D. King of the Institut fiir Geschichte der Naturwissenschaften ( University 
of Frankfurt) who is preparing a catalogue of astrolabes and quadrants (cf. n 6). 

(8) I have already finished an edition, translation and study of this treatise which have been the 
main theme of my doctoral thesis (cf. n. 7 above). 
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gle chapter which deals with its construction. Therefore, the only source 
known to us on the construction of this plate is theaforementioned abridge¬ 
ment of Ibn Baso’s treatise by al-Fishtali. 

4. The Manuscript 

Al-Fishtali’s abridgement is extant in manuscript 1009 of the Royal 
Library in Rabat (fols. 16v. - 19v.). The pages have 24 lines each . The 
writing is in the Maghribi script. The text is divided into five chapters and 
each one of them into one or more sections, in which al-Fishtali basically 
explains mlqat 9 matters . These chapters are preceded by a preface in which 

(9) On this matter cf. King miqat in the Encyclopedic de P Islam 2, t, 7, pp. 27 - 32. 
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al-Fishtali cscr:b<£ fbeirvertici of ibis plate to Ibn Baso who is identified 
rs ” al-Zubayr’s mester ” 10 . 

5. Cements 

As for the contents of the Nub<?a> the first chapter describes the con¬ 
struction of the plate, os I have mentioned shove. The second chapter gives 
the names of the lines drawn cn the plate. The third chrpter is divided into 
three sections : hew to determine the arc of the day and night, how to cal¬ 
culate the arc rotated by the sphere and how to place the degree of the 
sun, according to its altitude, cn the plate. The fourth chapter is divided 
into four sections: Kcav to determirc the azimuth of the sun or a star, its 
rising and setting amplitudes, half of the fadla (difference between half of 
the day arc and 90 degrees), and how to calculate the meridian altitude of 
the sun or a star. Finally , in the fifth chapter, there are four sections devo¬ 
ted respectively to transformations cf coordinates, the calculation of the 
solar altitude at the time of the $uhr ard c asr prayers, the altitude of a star 
at the end of twilight rnd at the beginning of dawn, and how to determine 
the four cardinal dircctiors and the azimuth of the qibla. 

6. The Construction of the Plnte 

As I have mentioned above, this matter is dealt with in the first chapter 
of the paper. There is no drawing in the text to illustrate the different 
steps followed in the construction of this plate. 

For its fabrication the author recommends brass or another similar 
metal, from which a smooth piece should be obtained. First, al -Fishtail 
draws a circle ( AC AC', Fig. 2 ) with an arbitrary radius , and on it tw T o 
perpendicular diameters, AA' and CC'. The intersection of these two diame¬ 
ters with the aforementioned circle determines the four cardinal directions: 
point A corresponding to the south , point A' to the north , point C to the 
cast and point C' to the west of the plate. This first circle drawn corresponds 
to the tropic of Capricorn. 

After that he divides the southeast quadrant into fifteen arcs of six 
degrees each . The distance AE on quadrant AC equals the obliquity of the 
ecliptic ( be fdopts the value of 23;20° fer it) and arc AE is called gates al- 
mayl (dtcliralitr arc) . Then, a eiraqht line between points E and C' is 
drawn. The intersection of EC' with diameter AA' determines point P. 
Next, another circle, with a radius <qt al to the distance OP is drawn. This 
second circle is ccrcerlric with the first cue ar.d it represents the equator. 

(10) According to Renaud, he could be a disciple of Ibn Ba^o’s w hose name is Abu Muhammad ah 
Zub.xyr b. Ja c far b. al-Zubayr. On this author cf. C. Brockelmann , Geschichte... JI, p . 1025, 
n. 88; H. P. J. Rtnaud , ” Notes critiques d’histoire... p. 2, n. 1; H. Suter , Die Matheiratiker 
und Astrenor. en .... , p. 201, n. 513. Al-Zubayr is the author of another work entitled 
Tadkira dawi-l-albdb fi ’ istifd ’ ul- e amal bi-l-asturldb. 
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Afterwards, we draw diameter EF which is used as an auxiliary line ( al- 
qutr al-khafiyy , hidden diameter) . The intersection of diameter EF with 
the equator determines point E' . The arc E'P equals also the obliquity 
of the ecliptic. Then we join point E' to B , the intersection of diameter 
CC' with the equator . P' will be the intersection of E'B with diameter AA'. 
Finally, we draw a third circle, with a radius equal to OP', concentric with 
the other two and which corresponds to the tropic of Cancer. The construc¬ 
tion procedure up to this point is the same as the one usually employed 
in standard astrolabe plates 11 . 

(11) Cf. H. Michel, Traiti de Tustrolube, ( Paris 1947 ) p. 47 ss.; S. Garcia Franco . Catalogo critico 
de astrolabios existentes en Espana, (Madrid, 1945) pp. 70-71 and R. Marti and M. Viladrich , 
” En torno a los tratados liispanicos sobre la construccion de astrolabios hasta el siglo XIII ” 
Textos v estudios sobre, astronomic, espu.nola en el siglo XIII , (Barcelona, 1981) p. 81. 
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Once these three circles are traced , and following the aforementioned 
procedure , we draw three concentric semicircles on the southern half of 
the plate, between the equator and the tropic of Capricorn using the six 
degree divisions on the declination arcAE( Fig. 3 ) . All these semicircles 
are the projections of the corresponding declirtlion parallels ( anfcf 
dawa’ir al-mayl). 

Next we divide the circle of the equator into arcs of six degrees each and 
draw the northern declination parallels (al-madcrat) following the same 
standard procedure and using the six degree divisions on the southeast 
quadrant Fig. 4). The number of madarat will be, therefore, fifteen, inclu¬ 
ding the equator and the tropic of Cancer . Al-Fishtali says that they go 
from 0° to 90° and identifies them with al- muqantarat for a 90° latitude in 
which the sphere turns ” like a millstone ” ( rahawiyy “) , that is to say, 
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parallel to the horizon 12 . The north pole is also the zenith and the south 
pole the nadir . 

Minimum instructions to draw the horizons follow in our text . To 
obtain them, we draw as many arcs of circles as we went horizons (Fig5). 
Its number is the same as the number of parallels to the equator drawn 
before. There is no specification as to the way to find the centres of these 
circles. The only indication given is that the centres of all these horizons 
have to be placed on the north-south diameter (in the southern half for 
the northern horizons and in the northern half for the southern ones). Each 
of them has to be determined by three points (Fig. 6), two being the same 
for all horizons: points east and west on the equator. The third point is 


(12) The term rafrawiyy is usually employed by other astronomers to express the motion of the 
sphere at the poles. Cf. for instance in Abu-I-Rayhan al-Birunt, Kitab al-tafhim li-awa'U fina c ut 
al-tanjim ( The Book of Instruction in the Elements of the Art of Astrology . (London, 1934) p. 140. 
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fig. 5 

different for each horizon : it is the intersection of the diameter ( qutr )■* 
with the parallel the declination of which equals the colatitude correspon¬ 
ding to the horizon we want to draw. In the figure, the horizon is determi¬ 
ned by points E and W and also by point P corresponding to the intersec¬ 
tion of the parallel ROPQ with diameter EW. 

Finally, the procedure for drawing the arcs ( qisi ) is described . This 
description is also very short. The author specifies that their centres have „ 
to be placed along the diameter 14 and that every one of them has to be 

(13) It should be the north-south diameter hut it is not so indicated in the text. 

(14) It shftuld be the east-west diameter but , *9 in the preceding case, it is not mentioned in the text . 
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determined by three points (Fig. 7): two of them are two six degree divisions 
of the equator equidistant from the east or west points of the equator. The 
third point is determined by the intersection of the east-west diameter 
with the parallel the declination of which equals the angular distance bet¬ 
ween the east ot west point and the two six degree divisions used to draw 
this arc. In .the figure, the arc of the equator MW equals the arc NW. Their 
Value isi also the declination, value of the parallel RSTU. The three points 
which determine the arc are M. N, and T 
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fig. 7 


The arcs ( qisi, cfr. Fig. 8), which are also called ” horizon divisions” 
( ajza' al-ufuq), are employed to change the coordinate system (horizontal 
into equatorial and conversely) by a rotation equivalent to the colatitude 
of the place. 

A1 - Fishtail considers the horizons as the projections of vertical circles 
corresponding to the two poles of the horizon of two places located on the 
equator and the longitudes of which , counted from the western meridian, 
are 0° and 180° respectively , whereas the arcs are circles of altitude (al- 
muqantarat) corresponding to these two places. 
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Finally, our text gives not very clear instructions as to how to graduate 
the plate . The information we can gather from Ibn Baso’s text and the 
extant instruments show that the graduation of declination parallels ap¬ 
pears on the northern half of the north-south diameter, between the equa¬ 
tor (0°) and the centre of the plate (90°) for the northern parallels and bet¬ 
ween the equator and the tropic of Capricorn for the southern ones. As for 
the horizons , they are also graduated on the same diameter but in its sou¬ 
thern half and with their latitudes increasing frcm the centre(0°) towards 
the equator (90°). The graduation of the arcs appears on the space between 
them on the northern half of the equator and that of the semicircles of 
southern declination appears once again on the east-west line. 
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7. Conclusions 

After having followed the construction process described above we 
can see that the diagram formed by the super position of borizcre arc' arcs 
in the sector comprised between the equator and the pole, obtained from a 
standard polar sterecgraphic projection, is identic;] to li e one we find on 
the plate of c Ali ibn Khalaf’s universal astrolr be crop oUZarcaVuKs suphea 
( Fig. 9 ) 15 . Those two later diagrams are obtained, however, from an 

(15) MilJas Vallicrosa saw these similarities when he described the general plate in the astrolabe of 
Tetuan but his interpretation of this plate was closer to the azafea than it really is. Cf. J. M . 
M.llas , ” Tres iristrumentos astron6micos drabes de los muscos de Tetudn y Madrid”. A! - 
Andaius, 1“' (1947) p4gs. 49 - 55. Especially pp. 52- 53. There is an interpretation in the siune 
way in S. Garcia Franco , Cnalogo critico de asirolabins.... p. 17U 
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equatorial stereographic projection. In this respect we should remember 
that the procedure for the transformation of coordinates with this instru¬ 
ment (by a rotation equal to the colatitude of the place), is usually employed 
when using Ibn Khalaf’s and al -Zsrqalluh’s instruments, but not with ast¬ 
rolabes. But, in the prologue to his treatise on al -safiha al-jami z a, Ibn Baso 
feels obliged to state the independence of his plate from al -Zarqalluh’s 
safiha , possibly because he was aware of the influence exerted by this 
instrument on his own work . It is quite evident that Ibn Baso made a re¬ 
elaboration of the principles that structured the safiha, giving it a new point 
of view and, therefore, new possibilities of use. In the following centuries, 
some astronomers adopted that idea and reelaborated it in different ways . 
The results were some curious instruments in which polar and equatorial 
stereographic projections were combined in order to obtain the advantages 
of both systems . We find this kind of instrument not only in the Islamic 
world, but also among those made in Europe between the XIV th and the 
XVIIth centuries . 

8. Arabic Text 

The Arabic text included in this paper consists of an edition of the first 
chapter of al-Fishtali’s abridgement . Some copyists’ errors have been 
corrected , and the readings of the text are given in the footnotes - 
Some words have been added between brackets to make the text clearer. 

j-Ol j Jfi 

yt \j y~A U-rf> (j—U' J 

hljj Jp J.j 3 * L&jS' J* (J* (*•»' f • • V ‘Jf’ j' 

i_j yi-\ ikii *.ij (J J>--b 5ibj Ja^l Jill* Jp J *^-j icli 

UjL -j J J)l j 3jJtl\ aIzm a^» J JJJ jUiJl aLo) Jau^l y Jj 

J* JJ,jX-\ gj\ ^-il f . tpbj! dib o J\J$\ ^yll &£> 

^jjl (J i—» jA-\ AhJu y j CJLi U j\ a^«I l*J^* 

y k-J^*ll j <U*>bJl Jp b O j>- ^ IjLa Lpj J ^S’ 

(17 r) y . [ oU ] JU-Sjlj ^>i £ 1*3y- J* 
y iU-b aJU 3 J\z a jp y\j £ j II Jp a—*%JI oIa [j [l] wbo jlS" jJl £*il 

AkliJ j^I sja^i JjiU Jp 3 ^ . jljJlj Jj“l 

£ 5Ja~ll kJ$ Jid* Jp ojjl j J*l-1 0J b ^ jill 
J^lj A*^bJb jP-'yij 'js Jb jiS - * ^jl J>-J (^wl>-l ^ . A^*>lp bttj! 
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(J M JP ^ • Oll^ ^*>1J jlj«* ^ ^J.J.1 J^lAJ £}j)I (J Syjb 

(J yl ji p-lypw*V CJU- U i Jsl.S j\ a^IXx ULJ1 i— > yb£-l SyJb y* J._ii 

SyjLljl Jj. 0 t_Pyill ^Jp Oy]s*wil c3 yP" dJJi C-l*i Aw>"l> 

<■1^)1 A*^\p yi?_c]l l,<vA^Jp ^ ^J> i*l ^b*dl y* ^P J 

^W OL^Jl (jJyP-Vlj jS^yll ^Jp jl^ y\]l ^J>-J t£«-l>-i [^v^] f * t —' , ^ 4 >^ 

V-Jyiil J2P- (Jjj jS\\ -ls>- yA OU^l J4.li) yjl jjJI l-JsU^jl ylicll ^Jp 

bj^ C/^J 4jU^£j jlji.1 j SyJb ^«jij . J.J.I y\j5 y<*2s*J3> <—>ji^-l i>*U 

. C-JU^l* \JjiS" j\ Ud*il 


l 5 £jyjl^LJ>t L y^ 


Jp dykJ.1 <w S>j> 


^q3 


Ulyljdl O^y’ b^i 
C-J3 Vj <UtAp yk-Sil UjtUd* ^Jp jt_JI pj l^a c->y*il aJsaj ^Jpj ®yJb 

yP^lj 'f> yii J jlS^yJl J>-J <£A >-1 £*=> f . ^yll f Ui^ J.J loSC* JxflJ 

4jy OU^UH * Lift* I u ,| U£v* j i.U 5y5b j.ilj ylaill 
ijjp-j d-im* jj^i b 


-jl«t>U)l ^^P 
1»*P* .<j ^y^ yiJ Ol j\&JlA 4A Jjj~1 (J ^A J 90 l^jlp J djijljll 
Jr»-yll Ji yll C-^W ;J JUdJl C-JaA]l j 


C-->; L5n£ !>L*s^ J^*ll (J i>»--jwa!l yjlji l--' J 

^ tJ b>yJa5 ^ ^Ja^J 1 ^.px1su*> ^^i]y>tJjV 

0^ ^Jp iJUdJl (JU^I Oijl bid . (£jj U ^J,| ^ a **' 

Jaiij Jp yX* y>-^j y^^ll (J j'^ (J^j C^d>-1 ^e7 

C.’iji*\il (_^wX>-1 AjfijUj d^jdlj ylwV^ i^->yiil ‘dsjVj ydil ^ifiAJ 

jl (__$ <«->SyJb Js?.a^ , | yJlji ^lai Iaj^Ij . (_| j\sj &I 

^<aj L^ly . Jk^-I Oy5b ^Jp l$JU .J,jNl ^Ijp U L^l>-b 4_4 Ij yjlj^ 

ykill ^|p 0 jSsJ b) Jajl^Jl ^p-y jl yP aJUJJIS** l^-L^d O 

y yA^-l yjaAjl y» OljLdl i£J&-\ ^AlU ^Jp jj^s* JaiJl ^ Aiilill aIsaJIj ^UdJl 

<Up jJaiA Jj^/i (?) 'ap U (6 UU.b Jva^ Jj jUx JA l^IiT ^y^ V 


j^dl ,|* .2 y*^i -f *1 

.p .4 1 bait .3 

aub .|» .6 J^UI . r .5 

,54c-. .j. .7 
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3jUJl ^1^4 Ja>- ^Jp Jil ^lai O ^ (jliNl ol&j 

. ,jfii (j(J Ul^4 ^Jp (j ^ *— 1 l5 

[<Jp3 J*>-^ J' oi* • *}s* 

w»*>V* ^Jp ^^>-Vt j ^laill iJ (17 v) ^J>-j e£J>-l 

Wf* <3l^ 3 " 4 * J^-l 5 yta ^Uit ^ jlliaA) 

<j ^UwiNl a* 3^rU iiA^j ^ ^jaiil £* Ol jlwdl ^iJU ^^>-Nl j j ] -bo 

»}\i -V ^ ^ jyit' 'Ja^ J,l J jLill J Jj-I jLu Jl i-J -M 

Oljki. iijjLl ^ . p^ili . i^U *JS' j 3^ lp>j VJ^ 1 j 

. ( »>ociUi [odaijj] *i jjy\ 

jl^pu V ijjl—1* Jajlai-t oUA _^J UxJI (J U_^pl ^)l j ^\t jl -U Vj 

\y*r} NU*i ^]ap]t ^Jp (jliNIj Caljljil jl^pt Oljljlil 

J* Jll *1 jr^ JJ-I Sj»b J* 'VUi U^ Li aflJjpT j jT>l Ji 

. c-J^3Ja>* 


>i : UI .- ,3 



